ON A PFAVlAWi FOlUl OF .AIETAMOKPlIIS:\l IN SILl- 
CPX)rS SANDSTONE. 



By (teoi{(}e W ^Merkiel, 

IlnuJ Depnrhneuf of (irologij^ U. S. Xafiooid ^[useu)n. 



It will 1)0 ronioml)cr(‘cl that in 1S5)L attention was (‘ailed to a eratei*- 
lik<‘ depression in unaltei*ecl sedimentary rooks some twelve^ mil(\s 
soiitlu^ast ot‘ Chnyon Dinhlo, Arizona, by the finding of a laro’e num- 
h(‘r of masses of meteoric iron in the immediate vicinity. Subse- 
([iiently the possible orig-in of the depi’ession, or crater, \vas made a 
matter of investigation by ]\lr. (E K. Gilbert, of th(‘ V. S. Geological 
Sury('v, who gave his results in his pivsidential address before the 
G(‘()logical Society of Washington, in ISbb, under the caption of The 
Origin of Hypotheses. 

With the (piestioii of the oi igin of the crater the jjiavsent paper has 
little to do. It is sufficient to say that x\lr. Gilbert, after discus- 
sing various hypotheses, was led to regard that of an origin through 
ex])l()sive volcanic action as most plausible. This view has i*ecently 
been discussed by Messrs. D. M. Barringer and B. G. Tilghman, of 
Philadelphia," who have undertaken a series of investigations bas(‘d 
on the tln'orv that the depression is due to the iinpa(*t of a gigantic 
meteorite. 

As is well knowr., the surface' rock over a lai*ge part of the I'egion is an 
arenaceous limestone, known as the Aiil)rey limestone, which has. ac- 
cording to Mr. Barringer, a thi(*kt)ess of some boO feet. Immediately 
underlying this is a light gray sandstou(‘ from 450 to 500 feet in thick- 
ness. A peculiar and appar('ntly very local form of metamorpbism of 
this rock is the excuse* for the present pa])er. 

The sandste)ne (Cat. No. 7<»8d4 F.S.N.M.) in its original and ])re- 
vailing type is of a light gray color, distinctly saccliaroidal and, in the 
walls of the crateix very friable*, being in small masses easily disinte 
grated in the hands. Fndm* the* micros(*ope it is found to be composed 
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of’ well-rounded (iiiartz o nuuile^ m itli an ocea.sional orain of a pla^io- 
(‘lase feldspar, and a little diist-like material in the interstiees, ))iit tin* 
amount of interstitial matei'ial of any kind is very small. T\w ocnieral 
stiMietiu'e of the stone is shown in li^-. 1 of Plate Lll. This type passes 
into what may he ealled the tii'st phase of the metamor})hism — an 
almost chalky white rock— (Cat. Xo. T()835 U.S,X\]\L), still retaining' 
the o'ranular chai'acter and much of the ori^'inal structuri' of the sand- 
sti)ne, and crushing readily between the thnml) and tingers. Under 
the inieroseope this type shows intei*esting strnetnral changes which 
are only in part brought out by the photomicrogra])h reproduced ii] fig. 
2 of Plate Lll. A portion of the (piartz grannies retain tlndr origi- 
nal characteristics. A larger portion are crushed and more oi* less dis- 
torted, though retaining their limpidity and high polarization colors. 
In man}^ instances two adjacent grannies are crushed and fractured at 
point of (‘ontaet as though they had been struck a sharp blow with a 
hammer. This crushing has at times been carrii'd so fai* that the rock 
is reduced to a tine sand (Cat. Xo. 7G810 U.8.X.]\1.), each particle of 
which is as shar]ily angnlai* as though disintegrated by a l)last of dyna- 
mite (see tig. 4, Plate Of greater significance from the present 

standpoint is the presence in the still firm rock of a large numl)er of 
granules which are so comphdely changed as to gi^•e rise to forms at 
first glance scarcely I’ccognizable as C|uai‘tzes at all. A description of 
these is given in the discussion of the next phase of the metamorphism. 

In this second and veiy complete phase of metamoi’phism the origi- 
nal granular structure of the sandstone has almost wholly disappeared, 
as have also the original lines of bedding (Cat. Xo. 76837, U.S.X.iNl). 
The rock is chalk-white to cream-^^ellow in color, cpiite hard, though 
in thin fi’agments readil}" broken l)etween the thumb and lingers, and 
lacks entireh^ the arenaceous stiaicture. It resembles tlu^ decom- 
posed chert (piarried at Seneca, ^Missouri, under the name of tripoli, 
more than any other rock that the writer can call to mind, although 
on casual inspection it might readil}^ pass for an old siliceous or cal- 
careous sintei*. This material, ]\lr. Tilglnnan writes, occurs spo- 
radi(‘al]y throughout the pulveruhnit material, of which it constitutes 
some 2 per (‘ent in bulk and in fragments from the fraction of an 
inch to 10 or 12 feet in diameter. In one instance the drill passed 
through a mass of it some 50 feet in thickness at a depth of 500 feet 
below the surface. In the mass this variepv shows an uneven platy 
structure extending directly across the original, almost obliterated, 
lines of bedding. Under the mici’oscope this phase exhibits certain 
features new to the writer, at least, and which are quite at variance 
with our ideas of the stable character of quartz sand. The general 
structure is shown in tig. 5 of Plate LII. A more highlv magnitied 

"Tliis is the material referred to as “Silica’’ by jMessrs. Oarrin.tjer and Tilghman, 
and of which tliere are said to l)e “millions of tons.” 
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though less well-detined section is shown in tig. o. At lirst glance 
such would be pronounced to be a holocrvstalline rock. It is, in fact, 
an aggregate of closely interlocking ({uartz granules with low and very 
uniform relief, dull colors of polarization, and in the majority of 
instances a iiiarked rhombohcdral cleavage. So striking is this feature 
that at tirst the true nature of the mineral was not recognized. 
Extinctions are often undulatorv, indicating a condition of molecular 
sti'ain, and the cleavage lines are themselves at times more or less 
wavy. The appearance iiideed is surh as to suggest that the gi-anules 
have been subjected to pressure while in a putty like or plastic condi- 
tion. Adth a high power and between crossed Nicols (tig. o of Plate 
LIl) the rock is seen to be not holocrvstalline, ])ut to contain compara- 
tively small colorless interstitial areas, showing by ordinary light a 
tibi’ous sti’ucture, but which are for the most part completely isotropic 
between crossed Xicols, and which the chemical analysis suggests may 
be opal. From this condition the rock passes rarely through more or 
less vesicular to highly pumiceous forms (Cat. Nos. 7683b and 76)840), 
showing to the unaided eye all the features of an obsidian pumice, but 
of a white color. This undcu- the microscope is resolved into a color- 
less vesicular glass, more or less muddied through dust-like material 
and showing here and there residual particles of unaltered quartz. 
The glass does not, however, res(‘ml>le the glass of a pumice, nor is it 
like that obtained by the artillcial fusion of quartz in the geophysical 
laboratories of the Carnegie Institution. So far as the writeFs obser- 
vations go, it more closely resembles fulgurite glass, fornKnl by the 
lightning striking in siliceous sand. This form, it is well to note, is 
((uite rare, the material l)eing hist met with in what Mr. Parringer 
has designated as shaft No. i!, and at a depth of 130 feet. A few small 
pieces were found in digging th(‘ open cuts outside of the crater and 
but one piece lying out on the sui-face. 

Chemical tests on (1) the unaltered sandstone; (11) what may be 
called the ci'vstalline variety, the linely laminated stone compared to a 
decompos(‘d clnud, and (111) the pumice, gave Mr. AVirt Tassin results 
as below: 

(I) nnalterctl san<lstone 99.29 

lrii<l(‘t 71 



(TI) Altered sandstone 



100. 00 



Si./) 98. iVA 

A1./)3 0. 18 

Fed);, 0. 10 

I<?n 0. 99 

Loss at 100° 0. 80 



100. 20 
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SiO, ...... 



95.22 
0. 59 
0. 19 
1.99 
1.20 
0. 40 



(III) Piimicvoiis \ariety 




(5i( ) 



Ign 

Loss at 100° 



99. 59 



A purt of tlu' limt‘ in Analysis III was there as a ineelianieally 
adinixed earboiiate. The liigh ionitioii (0.99) in II would suggest 
that a })art of the silica is in the condition of opal, as already noted, 
pjliniinating the ignition and the free (*alciiini carbonate in III, it is 
evident that tluu'e is no essential chemical ditference in the three 
samples. They vary as little as would probably three independent 
analyses of any on(‘ of the types from slightl>" different sources.^' 

As to the ex(*iting cause of this metamoiphism. So far as the writer 
has information, no more satisfactory theoiy has been advanced than 
that of the Messrs. Harringer and Tilghman,^ who ascribe it to the 
impact and incidental heat of an enormous mass of meteoric iron 
which constituted a portion of the well-known Canyon Diablo fall. 
Startling as it may seem, the writer, without intending to commit 
himself in an}" wa}", has to acknowledge that it must at least receive 
consideration, for the simple reason that nothing else seemingly worthy 
of consideration presents itself. Tliat there must have l)een intense heat, 
and that, too, only for a brief period, is certainly manifest. The 
force of impact of an ordinary meteoric mass, as is well known, is not 
great and the depth of penetration but slight. The majority of those 
that c‘ome to our earth are, however, following it in its orbit about 
the sun, and their speed on entering our atmosphei'e is, so far as 
determined, only some 3 to 10 miles a second. If. however, we con- 
ceive a mass — as from the Leonides — meeting the earth head on, as it 
were, it would enter our atmosphere with an initial speed of 45 miles 
a second. If such a mass wei*e of sufficient size to escap(‘ anything 
like complete destiaiction through burning, its force of im]>act would 
be enormous, Whethei* it could or did produce the effects described 
is, perhaps, yet an open question. 

^c\t the time 5Ir. (lilhert was making his investigations a chemical analysis was 
made by W. II. }Ielville, of the vesicular variety (No. III). This ^Ir. itilbert 
has }»laced in my hands. It is as follows; Si()2-S9.71; Al 2 <b- 1 . 20 ; FeO-0.84; CaO- 
4.22; LAIgO-0.22: K 2 O-O.I 5 ; Na,>()-0,24; Co2-5.25; lgn.-0.74; loss atl00°-0.20. Total, 



^Conn ^hmntain and its Crater. Pmc. Aca<l. Nat. Sci., Phila. 1905, p. S85. 
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